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Collisions яetween animals and aircraĞs,
usually known as wildlife strikes, are a concern
for Ěight safety specialists all over the world.
An estimated $1.2 billion in civil aviation losses
worldwide have been linked to these events
annually (Allan 2002). Wildlife strikes have also
been responsible for the destruction of over 500
aircraĞ and the loss of 505 human lives between
1960 and 2004 (Cleary et al. 2006).
Researchers estimate that 97% of wildlife
strikes to aircraĞ occur with bird species,
though terrestrial mammals and reptiles can
pose a signięcant risk due to their size and
weight (Dolbeer et al. 2000, DeVault et al.
2011, Biondi et al. 2011, Crain et al. 2015). Most
collisions with terrestrial mammals occur inside
the airport, usually with species that normally
beneęt from buildings, airport structures, or
the local environment (Cleary et al. 2006).
Bodies of water and native vegetation are
sometimes present in these environments and
can act as a refuge for species such as deer and
foxes (Dolbeer et al. 2000, DeVault et al. 2008).
The removal or reduction of animal aĴractants
inside the airport is fundamental for wildlife
management (Cleary et al. 2006, DeVault et al.
2008).
Elevated species richness for reptiles,

mammals, and birds occurs in the Amazon
biome, especially in the unĚooded forest
(Haugaasen and Peres 2005). The city of
Manaus is situated where 2 important
Amazon tributaries, the Negro and Solimões
rivers, merge (Martins and Oliveira 1993, De
Oliveira and Daly 1999, Cohn-HaĞ et al. 1997).
Although Manaus is urbanizing, large areas of
forest fragments still remain, including at sites
surrounding Manaus International Airport
(MAO). These urban forest fragments harbor
wildlife species, such as wild felines, deer,
sloths, anteaters, alligators, anacondas and
many others.
In 2010, 10 Brazilian airports, including MAO,
implemented a wildlife management program
called Fauna in Brazilian Airports. Over the
5-year project, the wildlife management team
based at the MAO noticed a high occurrence
of collisions involving terrestrial mammals
and reptiles. The objective of this study was to
determine the incidence of aircraĞ collisions
with terrestrial mammals and reptiles through
MAO wildlife strike reports and compare
these occurrences with other Brazilian airports.
We believed that, although birds cause most
collisions in Brazil and globally, a high number
of terrestrial mammal and reptile strikes at the
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Figure 1. Manaus International Airport area, Amazonas, Brazil. Forest fragments inside the airport area
indicated in dark shading.

MAO compared to other airports demanded We tabulated the wildlife strike reports for MAO
specięc management procedures.
to identify the number of terrestrial mammal and
reptile strikes from 2010 to 2014. Additionally,
Study area
we used the MAO wildlife management team
The Amazon is the largest continuous tropical database to identify the main species involved
rainforest in the world. Its 7 million km2 covers in aircraĞ strikes because most terrestrial
9 countries in South America (De Miranda and mammal and reptile collisions in the CENIPA
MaĴos 1992, Haugaasen and Peres 2005). In database contained only the animal class. We
Manaus (03°08’S, 60°01’W), the local climate is compared the number of strikes at MAO with
tropical humid with 2 distinct seasons: rainy CENIPA wildlife strike reports from the other
from December to May and dry from July to 9 airports in the Fauna in Brazilian Airports
November (Ribeiro 1991). Located in the heart program. The airports, according to their
of the Amazon rainforest, MAO covers 1,400 regions, were as follows: North Region: Belém
ha, with 981 ha mostly primary and secondary International Airport, Pará State; Northeast
forest (Figure 1). This international airport had Region: Fortaleza International Airport, Ceará
over 55,000 operations and 3 million passengers State; Recife International Airport, Pernambuco
per year between 2010 and 2014 (INFRAERO State; Maceió International Airport, Alagoas
2015).
State; Salvador International Airport, Bahia
State; Central Region: Brasília International
Methods
Airport, Distrito Federal; Cuiabá International
We reviewed a database of the Centro Airport, Mato Grosso State; Southeast Region:
de Investigação e Prevenção de Acidentes São Paulo International Airport, São Paulo
Aeronáuticos (CENIPA), the Brazilian oĜcial State; and Southern Region: Porto Alegre
report center responsible for gathering and International Airport, Rio Grande do Sul State.
publishing nationwide wildlife strike reports.
Data involving wildlife strikes were assessed
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Tb 1. AircraĞ–wildlife strikes in 10 Brazilian airports, 2010 to 2014 (CENIPA airport–wildlife strike
database).
Airport

Bird + bat
strikes

Terrestrial mammal
strikes

Reptile strikes

Total

Manaus International Airport

67

15

18

100

Belém International Airport

112

5

5

122

Fortaleza International Airport

94

8

4

106

Recife International Airport

98

3

0

101

Maceió International Airport

37

1

0

38

Salvador International Airport

186

3

7

196

Brasília International Airport

252

8

6

266

Cuiabá International Airport

83

2

5

90

São Paulo International Airport

125

5

2

132

Porto Alegre International
Airport

228

7

5

240

with respect to: 1) number of wildlife reports;
2) number of reports concerning only terrestrial
mammals and reptiles; 3) proportion of
collision reports between aircraĞ and terrestrial
mammals or reptiles; and 4) main species
involved in aircraĞ strikes in the MAO. In the
analyses, we used only wildlife strike data with
identięed animals, at least on class level (birds,
mammals or reptiles). We used 1-way ANOVA
and post-hoc Tukey tests to evaluate diěerences
in the number of terrestrial mammal and
reptile strikes in the MAO and other 9 Brazilian
airports.

Results
We identięed 150 wildlife strikes between
2010 and 2014 in the MAO. Of these, 100 strikes
had the species or animal class identięed. In
the same period there were 2,592 reported
collisions in the 10 airports analyzed, including
MAO, where 1,391 collisions included the
wildlife species or class identięcation. In
these 10 airports, the collisions with birds/bats
represented 92% of the total collisions reported,
while terrestrial mammals and reptiles strikes
represented 8%. Considering only MAO, the
number of collisions involving terrestrial
mammals and reptiles represented 33% of
total collisions, consisting of 15% terrestrial
mammals and 18% reptiles (Table 1). The
results indicated diěerences in the number of
collisions involving terrestrial mammals and
reptiles among the airports (F = 7.79, df = 9, 90, P
< 0.001), and the post-hoc Tukey test indicated

that only the strike reports from MAO were
diěerent from the others (post-hoc Tukey test,
all P < 0.001).
According to CENIPA and the MAO wildlife
management team databases, 7 species were
identięed from a total of 33 wildlife strikes.
Alligators, including both the smooth-fronted
caiman (Paleosuchus trigonatus) and the
spectacled caiman (Caiman crocodilus), had the
highest number of collisions, with a total of 8
aircraĞ strikes. Snakes, mainly represented
by boa constrictor (Boa constrictor) and green
anaconda (Eunectes murinus), with 4 aircraĞ
strikes, were the second group with the
most occurrences. The black-eared opossum
(Didelphis marsupialis), with 2 aircraĞ strikes,
the sloth (Pilosa Order), also with 2 collisions,
and the lesser anteater (Tamandua tetradactyla),
with 1 collision, complete the species involved
in strike occurrences at the MAO.

Discussion
Usually, terrestrial mammal and reptile
strikes account for approximately 3% of known
reports around the world (Barras and Wright
2002, Dolbeer et al. 2005, Cleary et al. 2006,
ATSB 2012, Crain et al. 2015). The number of
collisions involving these animal groups in the
MAO was much higher than those observed in
other Brazilian airports. The city of Manaus is
surrounded by the Amazon forest and includes
>190 forest fragments varying in size of ǂ700
ha (Novaes and Cintra 2013). This particular
urban and forest matrix facilitates the presence
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of wildlife. The total area of the airport
comprises 1,400 ha, including 981 ha of forest
fragments, which is a natural habitat for many
species (Figure 1). This seĴing helps explain the
high occurrences of wildlife strikes involving
terrestrial mammals and reptiles at the MAO.
Most terrestrial species with strike reports in
the MAO are known for their climbing abilities
and therefore overcame the perimeter fence of
the airport or crawled through small crevices.
Such is the case for sloths, anteaters, opossums,
and snakes. Small openings in the fence also
allowed entry for animals such as alligators. The
strike risk of terrestrial mammals and reptiles
is becoming more evident, especially with the
evolution of wildlife management programs
in airports (DeVault et al. 2008, Crain et al.
2015). Dolbeer et al. (2005) gathered data from
diěerent countries on terrestrial wildlife strikes
and noticed that even though the proportion of
these strikes was usually small, 45% of strikes
of this nature caused damage. Conversely, only
13% of bird or bat strikes caused damage.
An eěective measure to diminish the risk
of a wildlife strike is habitat management,
which modięes the environment through the
replacement of vegetation cover, removal of
trees and shrubs, drainage or covering water
ways and other methods (Barras and Seamans
2002). One proposed measure to isolate and
control reptiles and mammals is to construct
fences as physical barriers (DeVault et al. 2008,
Biondi et al. 2011, VerCauteren et al. 2013). The
MAO operation area is completely walled with
a row of barbed wire 1.8 m high along the top
of the fence. Nevertheless, fences should be
improved so that small- and medium-sized
species, such as those observed in aircraĞ
strikes in the MAO, cannot climb, dig or
gain entry. Studies suggest the use and daily
monitoring of barriers, such as a chain-link
fence 2 to 3 m high with a 1-m skirt and 3-strand
barbed wire outriggers, or a fence 1.8 m high
with horizontal mesh spacing <15 cm and with
vertical spacing <10 cm with buried barbed
wire to manage animals that can dig or climb
(Green and Gipson 1994, Cleary and Dickey
2010, VerCauteren et al. 2013). For Xenarthra,
fences should have a concrete underground
protection and be curved at the top (135°). In
the case of scansorial mammals, the utilization
of electric fences has been proposed, but the
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method is currently too expensive for largescale use (Honda et al. 2009).
The MAO has adopted some measures to
avoid collisions between aircraĞs and terrestrial
mammals and reptiles. Routine fence checks
identięed Ěaws and possible entry points.
Structural modięcations included replacing
iron bars with vertical mobile lids in drainage
points on the bases of the fence. The MAO
implemented maintenance of low grass height
and removal of forest remnants close to the
fence. However, further measures are needed,
including an increase in fence height and
adoption of concrete underground protection.
AircraĞ–wildlife strikes present a global
issue requiring both a local and global
analytical perspective. Regional characteristics
must be considered when planning airports
and managing airport wildlife, especially
in areas with high biodiversity. Studies and
diěerentiated methods of wildlife strike
management are important for each airport
to understand fully and mitigate the risks
imposed by the local fauna.
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